In view of earlier reports on the occurrence of saltaffected shrink-swell soils in the Purna valley areas in Amravati district of Maharashtra, the present study was carried out to assess the current nature and extent of soil degradation due to use of irrigation water. Results indicate that the irrigation water used to raise agricultural crops in Amravati, Bhatkuli, Warud and Daryapur tehsils contains enough soluble Na-ions and residual sodium carbonate as the water belongs to C4S2 and C4S1 class of the United States Salinity Laboratory. The anthropogenic activities by introducing irrigation have caused severe drainage problem in the shrink-swell soils of the district, which are highly clayey and smectitic that have inherent low permeability. Only exception is the better drained soils of Warud tehsil, which are endowed with Ca-zeolite that help to ward off the ill effects of irrigation. The study thus suggests that continuing the present anthropogenic activities might render the soils unsuitable for agricultural production in the future. In contrast, the soils which are not irrigated do not suffer from any serious degradation in terms of high exchangeable Na (ESP) and low saturated hydraulic conductivity (sHC), suggesting that it would be prudent to encourage rainfed agriculture in the district under improved management practices.
Introduction
AN increased awareness of soil as a critical component of the earth's bio/geo-sphere has stimulated interest in the concept and assessment of soil quality 1 . The demand for information on soil and land resources for enhancing food security, improving water quality, disposing wastes and mitigating climate changes is recognized for increased food productivity vis-à-vis population growth. This increased demand has intensified anthropogenic activities and soil degradation. Although the threats of land degradation are widespread, it is more extensive and intensive in the poorer regions, where the land users entirely depend on the inherent capacity of the land for their basic needs. The ever-increasing population pressure exacerbates the situation. The world population is expected to increase to 9 billion by 2050, with 8 billion (86%) living in developing countries 2 . Therefore, soil quality management for enhanced productivity and sustained environmental services is important in the developing countries to meet the demands of the growing population. Soil quality can be enhanced or degraded in response to the prevailing management systems. The effects of soil management systems on sustainability can be monitored by evaluating soil quality 3 . The predominant reason of poor soil quality due to land degradation relates to the washing away of top soil and organic matter, intensive deep tillage which breaks stable soil aggregates and disturbing the habitat of soil microflora and fauna, excessive removal of plant available nutrients, near absence or low use of organic manures, nutrient losses due to leaching and volatilization, with gaseous emissions occurring due to faulty methods of fertilizer application, excessive use of agricultural inputs such as fertilizers, herbicides and waterlogging, salinity and alkalinity 4 due to continuous use of poor quality of irrigation water. Generally, soil quality changes in response to soil use and management 5 . Vertisols and associated soils are the most widely distributed soils in the world, and are found under varied climatic conditions. Such soils are spread over five continents from 45S to 45N, mainly in tropical and subtropical areas and their major areas of distribution are located in Asia and Africa 6 . These soils are widely distributed in the continents of Asia (mostly in India), America (mostly in USA, Venezuela and Argentina), Australia and Africa. In India, shrink-swell soils (Vertisols and associated soils also known as black soils) are found mostly in the peninsular region, extending from 845N to 260N lat., 680E to 8345E long. These soils are developed in alluvium derived from weathering of the Deccan basalt 7 . The shrink-swell soils occupy about 26.62 m ha in India 8 , of which 5.6 m ha are in Maharashtra. These soils contain a high proportion of swelling clays such as smectites. However, their unique physical properties are the greatest limitations to the dominantly low input agriculture. These soils require careful management to tap their potential by avoiding decline in soil quality. A thorough understanding of quality of these soils is crucial to develop and implement farming practices that will keep them productive for the current and future generations [9] [10] [11] [12] . Black soils are mainly confined to the lower topographic positions such as valleys. One such valley in Amravati and Akola district of Maharashtra is the Purna valley. Considerable portions of this valley are saline and prone to be waterlogged [13] [14] [15] [16] . The Soil Survey Department of Maharashtra also reported this problem on both sides of the Purna River. However, the presence of salinity is not always perceived because soil surface lacks salt efflorescence [16] [17] [18] [19] , but the soils remain waterlogged after rains and this disrupts the sowing of rainy season (kharif ) crops. As a consequence, farmers are unable to maintain a sustainable production of agricultural crops. The Purna valley (2007-2137N and 7558-7758E) is an oval-shaped basin and covers an area of 583,200 ha, representing the districts of Amravati, Akola and Buldhana of Maharashtra. The area has a monsoonal climate, beginning from June or July through September; and this period receives 85-95% of the total annual rainfall of 700-975 mm. This is followed by a dry season from October to May or June. April and May are the hottest months with mean monthly temperature of 32.5C and 35.2C respectively. December and January are the coolest months with average monthly temperature of 22C. The soils have a Typic Tropustic moisture regime 20 . The soil temperature regime is hyperthermic 21 . The water balance data for the Amravati district based on 30 years (1960-1990) of climatic data indicate that the humid period calculated according to FAO method 22 is 98 days and the growing period is 152 days. However, there is surplus water owing to P/PET ratios for the humid months, which ranges from 1.57 to 2.18.
Chemical degradation of soils of the Purna valley in terms of increase in exchangeable sodium percentage (ESP) and exchangeable magnesium percentage (EMP) with depth has adversely affected the hydraulic and other properties important for crop growth 23 . The soils of the Purna valley have been extensively studied during 1990-1993 by several workers 17, [24] [25] [26] . The salinity and/or sodicity problems are diagnosed in these soils, although most of the soils have good production potential. In view of the climate change during the Holocene period coupled with intensified agricultural practices, it becomes imperative to monitor the land degradation periodically to develop strategies for land development. In this context, it was proposed to conduct the present study by interpreting the soil datasets studied earlier.
The Department of Agriculture, Government of Maharashtra has delineated a strip of 15 to 20 km (kharpatta) wide and 90-100 km long, along the Purna River as salt-affected. It is obvious that a river or any natural drainage helps in reducing salts. However, the present observation is contrary to the general understanding. According to earlier reports 17, 24, 26 , the soils of the Purna valley are neither saline, and sodic nor saline-sodic according to the criteria suggested by the US Salinity Laboratory Staff 27 , still they have severe drainage problems following irrigation and/or rains, which affects the cultivation of crops in the rainy season. This condition becomes more severe if the soils are irrigated with the river or well water. Nimkar et al. 18 reported the development of sodicity in the surface and accumulation of salts in the surface soil when well water was used for irrigation. Precise pedogenic processes responsible for sodification are not known that lead to poor drainage, nor is there any comprehensive information about the extent of this problem and the suitability of water for irrigation. Many researchers who had worked in the Purna valley and similar soils concluded that considerable part of these soils has the problem of internal drainage along with accumulation of salts in the sub-surface horizons 13, 15 and are prone to water-logging [17] [18] [19] . The salinity and/or sodicity of these soils pose major constraint in the attempt to conserve these soils. Poor drainage condition is the root cause of many problems. Due to poor drainage, salts have accumulated in the soils and further aggravated by the application of poor quality irrigation water. Indiscriminate use of irrigation water for getting higher yield has led to waterlogging, nutrient losses and increased salinization of lands that were once fertile; and this threatens the sustainability of crop yields.
Groundwater in the Purna valley occurs under the phreatic, semi-confined and confined conditions. The depth of the water table generally varies from 3 to 25 m below ground level. The average annual recharge to the groundwater is approximately 8% of the average annual rainfall 28 . Groundwater is highly brackish. Exceptionally high salinity was of marine origin as a result of incursion of a stretch of sea water into the Purna sub-basin 13 . However, this water does not have a source with very high salts because the ratios of major anions and cations in this saline water are not the same as those of sea water 29 and this water is digenetically altered meteoric water with a long residence time, as is evident from high Na/ (Ca + Mg) ratio, negative indices of the base exchange and high SiO 2 content 29 . The majority of black soils in India occurs in the lower piedmont plains or valleys or in micro depressions. They are developed in the basaltic alluvium 30 and mostly formed in the Holocene period 31, 32 . In Maharashtra, total irrigated area is 4.2 m ha which accounts to 19.6% of the gross cultivated land. Vidarbha covers 14.1% of its land under irrigation (0.7 m ha). Amravati district of Vidarbha is spread over 12,210 sq. km, with 6.9 lakh ha area under cultivation and 0.9 lakh ha irrigated area (14.1%). The dominant crops are orange (Citrus reticulata), cotton (Gossypium spp.), redgram (Cajanuscajan), soybean (Glycine max.), green gram (Vigna radiata) and chickpea (Cicer arietinum). Irrigation sources are river, canal and predominantly deep tube wells. Black soils are dominant in Amravati district. Farmers are not able to grow second crop (rabi) due to high intensity-short duration rainfall with intermittent long dry spells, leaving very less residual moisture in the soil. Thus irrigation becomes a necessity. However, poor quality of irrigation water, especially the groundwater, is a problem as it influences the soil health by affecting physical and chemical properties.
Often farmers complain about the deterioration of soil quality due to application of irrigation water. Therefore, water is a limiting factor for the irrigation of many black soil areas. It has also been noticed that a part of the district experiences the problem of poor drainage resulting in water stagnation in kharif and moisture stress in postrainy (rabi) season. Poor drainage is the major cause of many problems resulting in the accumulation of salts in these soils which is aggravated by the application of poor quality of irrigation water during the last 20 years. Therefore, evaluation of not only the water quality, but also the assessment of soil quality is a must to understand the status of soil health. The present study thus aimed to find out the causative factor of poor soil drainage in this part of Vidarbha, Maharashtra. An effort was also made for assessing the soil quality with the help of time-series data on irrigation water and soil parameters.
Materials and methods
Amravati district lies between 2030N and 2146N lat. and 7637E and 7827E long. with semi-arid (moist) climate with dry season from October to June and wet season from July to September, and during this period approximately 85-90% of the rainfall is received. April and May have very high temperature and December and January are the cooler months. The soils have ustic moisture regime and hyperthermic temperature regime 21 . The soils of Amravati district are formed in the alluvium of the weathering of the Deccan basalt showing variation in their depth. Rainfed agriculture is dominant in the study area with the exception of Warud tehsil where orange is grown under irrigation. Soil and water samples from eight pedons (one each under irrigated and unirrigated condition) were collected from each of the four tehsils (Amravati, Daryapur, Bhatkuli and Warud) from Amravati district, Vidarbha, Maharashtra ( Figure 1 ). For spatial distribution of soils of selected site, the soils from minipits (0-10, 10-25 and 25-50 cm) and irrigation water samples from river and wells were also collected from each tehsil ( Figure 2 ). Water samples were analysed for different chemical constituents 27 . Soil samples were air-dried and analysed following the standard methods 27, [33] [34] [35] . Mechanical analysis of soils was done by the international pipette method. Sand, silt and clay fractions were separated following the segregation procedure of Jackson 36 . Intensive crop production in arid and semi-arid region depends heavily on irrigation during second crop (rabi) or for the kharif crop when the monsoon is late or there is a long dry spell after the onset of monsoon. Climate and soil conditions of this region require irrigation water of good quality. Quality of irrigation water depends on total concentration of soluble salts, with special reference to the relative proportion of sodium to other cations. In order to avoid deleterious effect of poor quality irrigation water on soil properties and plant growth, it is desirable to have quality evaluation prior to its use for irrigation. A scheme proposed by the United States Salinity Laboratory (USSL) 27 has generally been accepted to evaluate irrigation water. Electrical conductivity has been proposed to measure total soluble salts in irrigation water. Four salinity classes, viz. C1, C2, C3 and C4 were proposed (Table 1 ). C5 class of water was included with EC from 5 to 20 dS m -1 , particularly for Indian soils 37 . In addition to the degree of salinization, the type of salinization, the sodium hazard and concentration of residual sodium carbonate have to be taken into account. Richards 27 suggested sodium adsorption ratio (SAR) according to which water can be classified as low sodium water (S1-SAR 0-10), medium sodium water (S2-SAR 10-18), high sodium water (S3-SAR 18-26) and very high sodium water (S4-SAR > 26 39 . Various parameters for rating the quality of irrigation water are given in Table 1 .
Results and discussion

Assessing quality of irrigation water
The electrical conductivity (EC) of irrigation water (river and well) collected from the irrigated profile sites in Amravati district ranges from 0.9 to 3.0 dS m -1 (Table 2 ) which falls under C3 and C4 classes, indicating their unsuitability for irrigation and also falls under medium category of sodicity (S2) for Amravati and low (S1) for Daryapur, Bhatkuli, and Warud. According to the criteria mentioned above, the irrigation water from Amravati and Daryapur tehsils is unsuitable for irrigation with RSC of 10.1 and 7.3 meq l -1 respectively. Warud irrigation water is marginally suitable (RSC, 1.4 meq l -1 ). In Bhatkuli tehsil the irrigation water has low RSC due to the dominance of Mg 2+ ion concentration (Tables 1 and 2 ). When all the parameters are considered, the water being used for irrigation is unsuitable for irrigation in Amravati district. The quality of water used for irrigation is C3S1 for Warud, C3S1 for Daryapur, C3S2 for Amravati and C4S1 for Bhatkuli.
Effect of irrigation water on soil properties
More amount of pedogenic CaCO 3 and a higher ESP were observed in irrigated soils. Perceptible changes in morphological properties (colour, texture and structures) were not noticed in the irrigated soils except the consistence of soils which indicated increased firmness in the peds of irrigated soils compared to the unirrigated ones. The colour of Shirala irrigated soil is very dark brown to very dark grey to yellowish brown at the lower layer. Unirrigated site of Shirala has very dark greyish brown colour at surface and dark greyish brown at lower depth. Darapur irrigated profile is greyish brown to dark greyish brown to yellowish brown throughout the soil depth whereas unirrigated soils have dark greyish brown which is very dark at the slickensided zone and yellowish brown at lower layer of profile. Surface layer of Wathoda irrigated soil shows very dark greyish brown colour with dark brown colour throughout the profile; at the lower horizons the colour is dark yellowish brown to yellowish brown. Unirrigated profile is dark greyish brown in upper layer, dark brown to very dark greyish brown in the slickensided zone and dark yellowish brown at the lower part of profile. Irrigated soil of Temburkheda in Warud tehsil reflects dark greyish brown to dark brown colour which is dark yellowish brown near the parent material down the lower depth of soil whereas the unirrigated profile shows dark greyish brown colour throughout the layers ending with yellowish brown. All the soils are very deep with very high clay content (45-77%) ( Table 3 ). The soils have subangular blocky structures at the surface and angular blocky at the subsurface showing sticky and plastic consistence. The soils of the irrigated and unirrigated sites of Amravati district have similar texture and have similar substrate suggesting their comparable texture (Table 3 ). The pH of the soils did not reflect any specific comparable trend, but pH was higher in irrigated than unirrigated soils of Daryapur tehsil, particularly in the upper layer of the soil profile. EC of the irrigated and unirrigated soils ranged from 0.18 to 0.66 dS m -1 and 0.13 to 0.21 dS m -1 respectively. The EC was higher in all the irrigated soils than the unirrigated ones. Effect of poor quality irrigation water in terms of increased EC was most conspicuous in the soils of Bhatkuli tehsil.
In general, calcium was the dominant exchangeable cation at all the sites. In Shirala irrigated soil, the extent of calcium was high and this was followed by magnesium, sodium and potassium. But in unirrigated soil profile Na + ion concentration was less than K + . This clearly indicates preponderance of Na + ion in irrigated soils due to the use of irrigation water with higher Na + concentration (C3S2). A similar trend was noticed in other irrigated soils except in Warud soils which may be due to presence of Ca-rich zeolites 30, 32, [40] [41] . Release of Ca ions from zeolites improved the soil water composition as reflected in lower value of soluble Na ions. ESP of the irrigated soils in Amravati (1.9-9.1), Daryapur (6.8-8.8) and Bhatkuli (1.7-6.1) was higher when compared to that of the unirrigated soils (Table 4) .
Effect of irrigation water on soils over time
In order to assess the changes in soil properties in Amravati, Daryapur and Bhatkuli tehsils, an effort was made to compare the values of selected soil parameters obtained in the present study with those obtained in 2010 and also interpreting the data from the studies conducted during 1990s.
Amravati tehsil
The selected soils in this tehsil showed a decrease in saturated hydraulic conductivity (sHC) over the last 20 years 16, 19, 32 . However, pH, EC, organic carbon (OC), CEC, CaCO 3 and ESP showed slight to no significant change (Table 5 ). Reduction in the drainage was recorded over passage of time due to poor quality irrigation water as evidenced by decrease in the values of sHC from 0.71 (unirrigated, 2010) to 0.08 cm h -1 (irrigated, 2010) to 0.22 cm h -1 in both the layers (0-30 and 30-50 cm) (Figure 3 ). The effect of poor quality irrigation water (C3S2) was indicated by increase in EC, ESP, soluble sodium percentage (SSP) (Figure 4 ) and the SAR values of the irrigated soils compared to the present and previously studied unirrigated soils (Table 5) . Similarly, there was a significant increase in the values of bulk density from 1. 
Daryapur tehsil
The properties of soils such as BD, OC and and 0.13 dS m -1 ) along with ESP (3.7, 3.5 and 3.8 to 1.1, 0.9 and 0.9) and SSP (40.8, 41.2 and 40.2 to 8.5, 11.5 and 17.4) in the unirrigated soils. Due to application of irrigation water, the soils showed a significant decrease in (sHC) (from 0.40 to 0.14 cm h -1 ) and from 0.46 to 0.16 cm h -1 in both surface (0-30 cm), subsurface (30-50 cm and 50-100 cm) layers. The soils previously studied also showed impaired drainage condition after irrigation supported by the increased ESP of irrigated soils ( Figure 6 ). No significant effect of irrigation water was seen in OC and CaCO 3 content in soils over years and those under unirrigated conditions at present. Considerable increase in ESP, SAR and SSP was noticed in irrigated soils due to irrigation water (Table 5) . We may, therefore, infer that the soils which are rainfed agricultural practices show improved soil conditions compared to the soils irrigated (Table 6) .
Bhatkuli tehsil
The present study was carried out in nearby (~1 km) areas of Wathoda soils reported earlier 17 with and without irrigation ( Table 7 ). The sHC is much better after two decades as shown in Figure 7 . The other soil parameters such as pH, EC, CaCO 3 were slightly changed. In the rainfed (unirrigated) agriculture of the area, soil parameters of 1990 and 2010 indicate a general trend of slight decrease in ESP, ECe, and SAR and SSP values (Table 7) . Earlier during 1990 till 2000, the entire area of Bhatkuli tehsil was under cotton and pigeon pea. Later, the cropping system changed to soybean and sunflower along with pigeon pea and gram. Although the farmers apply inorganic fertilizers such as urea, diammonium phosphate and single super phosphate, there is a tendency to apply farmyard manure and or cowdung at least 1 tonne/ha/year. Influence of manure in dissolving carbonates and bringing calcium into the exchange complex to improve physical and chemical condition of soil is known. This along with the change in cropping pattern, viz. introducing legume (soybean, pigeon pea and gram) may have helped in maintaining the soil quality for the last two decades 42 . This good effect, however, was overshadowed wherever farmer used irrigation water. Thus, in spite of the effect of change in cropping system, irrigation resulted in significant decrease in sHC from 0.65 to 0.17 cm h -1 and from 0.67 to 0.22 cm h -1 in both the surface (0-30 cm) and subsurface (30-50 cm) layers. Additionally, a significant increase in BD was observed from 1.5 Mg m -3 to 1.7 Mg m -3 in the surface layer ( Table 7) .
Composition of the saturation extract of shrink-swell soils
The data on the composition of saturation extract of the soils are presented in Table 8 . ECe of the irrigated soils increased compared to the unirrigated soils in view of the trend of electrical conductivity in irrigation water (ECiw). Bicarbonates, chlorides and sulphates were the dominant anions in the Shirala and Darapur soils (Amravati and Daryapur tehsils) ( concentration in the surface layers than the unirrigated soils (Table 7) . Among the soluble cations, sodium shows dominance in the soils of Amravati and Daryapur tehsils in all the layers and were too high when compared with the unirrigated soils. Wathoda soils under irrigated condition show increase in values of soluble sodium and magnesium over the soils in unirrigated condition. Warud soils remained almost unaffected with only little increase of sodium in surface, may be due to good drainage conditions. Soluble Ca/Mg ratio decreased in all the irrigated soils when compared to the unirrigated soils.
Sodium adsorption ratio (SAR) of Shirala and Wathoda irrigated soils increased in the surface layers (6.1 and 6.6). The SAR of Darapur irrigated soils increased throughout the soil profile which was very high compared to the unirrigated soils. Temburkheda soils experienced rise in SAR values in the first 100 cm depth. Soluble sodium percentage (SSP) increased in all the irrigated soils rendering these soils sodic. In spite of using poor quality irrigation water, the sHC of Warud irrigated soils was higher (4.5-9.8 mm h -1 ) than other soils in the district, which may be due to the presence of Ca-zeolite favouring building up of lower ESP, SAR, SSP and Na + concentration (Table 9) .
Conclusions
The quality of soils in the Amravati district of Maharashtra has deteriorated, as indicated by impaired soil drainage, following irrigated agriculture. An exception to this situation is the irrigated soils at Warud tehsil where the drainage did not deteriorate due to the presence of Ca-zeolite. Although for the last several years farmers are we did not find any reference of irrigation in this area and therefore irrigated black soils during 1990 and those during 2010 could not be compared.) using various irrigation water as protective for raising kharif and rabi crops in the highly clayey and smectitic soils, such anthropogenic activities have rendered these soils unsuitable for future agriculture. The present study demonstrates that similar soils under unirrigated conditions do not suffer from any serious degradation and thus provide a clue as to how these soils need to be put under rain-fed agriculture under improved management practices. Also, it would be prudent to monitor and assess the quality of irrigation water vis-à-vis soil quality regularly to maintain the quality of this precious natural resource.
